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(57) ABSTRACT

An embodiment of a process for manufacturing a system for
clectrical testing of a through via extending 1in a vertical
direction through a substrate of semiconductor material
envisages integrating an electrical testing circuit 1n the body
to enable detection of at least one electrical parameter of the
through via through a microelectronic buried structure defin-
ing an electrical path between electrical-connection ele-
ments towards the outside and a buried end of the through
via; the integration step envisages providing a trench and
forming a doped buried region at the bottom of the trench,
having a doping opposite to that of the substrate so as to
form a semiconductor junction, defining the electrical path
when 1t 1s forward biased; in particular, the semiconductor
junction has a junction area smaller than the area of a surface
of the conductive region in a horizontal plane transverse to
the vertical direction, 1n such a way as to have a reduced
reverse saturation current.
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SYSTEM FOR ELECTRICAL TESTING OF
THROUGH-SILICON VIAS (1TSVS), AND

CORRESPONDING MANUFACTURING
PROCESS

PRIORITY CLAIM

The instant application claims priority to Italian Patent
Application No. TO2012A000294, filed Apr. 3, 2012, which
application 1s incorporated herein by reference 1n 1ts entirety.

SUMMARY

An embodiment relates to an improved system for elec-
trical testing of through-silicon vias (TSVs), and to a cor-
responding manufacturing process.

In the field of electrical connections of electronic inte-
grated circuits, the use 1s known of so-called through-silicon
vias (in what follows simply “through vias™), namely, inter-
connections ol conductive material that extend vertically
through the die or wafer of semiconductor matenal, in
particular silicon, 1n which an electronic integrated circuit 1s
provided, enabling electrical coupling of circuit elements,
which are integrated at various levels of the structure of the
die/water, to one another and possibly to at least another
external element that 1s coupled to an external surface of the
same die/water. Through vias extend vertically through the
die/water and the corresponding substrate, and are possibly
accessible at the end of the manufacturing process, 1.e., 1n
their final form of use, from an external surface of the
die/waler designed for coupling to an external electronic
device or system (this external device/system possibly
including a further die/water, 1mn the case of stacked struc-
tures), possibly via a package designed to house the die/
waler. Generally, through vias are electrically insulated from
the substrate that they traverse, 1n so far as they are insulated
both at the sides and at the bottom by an electrical-insulation
region, for example, made of dielectric material, in such a
way as to prevent, or at least limait, the presence of leakage
currents towards the substrate.

The process for manufacturing the through vias has some
critical aspects, for example, due to their small dimensions,
of even less than 10 wm, their high number, since even
hundreds of through vias may be provided within a single
die, and the high depth of the excavation within the die/
waler. Consequently, and also in view of the nature of
clectrical intercoupling performed by the through vias, test-
ing of theiwr proper operation 1s typically required (for
example, before the manufacturing process of the integrated
circuits 1s completed), in particular veritying the resistance
of the path offered to the electrical current circulating
through the through vias, and the presence of possible losses
and parasitic phenomena, for example, with respect to the
substrate.

In the patent application No. W0O2011/101393 Al, which
1s incorporated by reference, a system has been described for
clectrical testing of at least one through via integrated within
a substrate of a die or water of semiconductor material, in
particular silicon, which envisages the integration within the
substrate of a microelectronic buried structure, electrically
coupled to the through via to create a conductive path and
thus enable detection of at least one electrical quantity or
parameter associated therewith.

This system 1s shown schematically and designated as a
whole by 1 1 FIG. 1, which shows a portion of a body 2
including semiconductor material, such as silicon (in addi-
tion to further materials, such as insulating materials, metal,
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etc., as will be evident to a person skilled in the field). The
body 2 may be equivalently a wafer integrating a plurality of
dice, or a die, which 1s the result of the operation of sawing
of the same water.

The body 2 includes: a substrate 3, possibly of a com-
posite type (such as, for example, a SOI—Silicon On
Insulator—substrate made up of layers set on top of one
another), with a first type of doping, for example a P doping,
and having a top surface 3a, 1n a position corresponding to
which at least one 1ntegrated circuit 4 under test 1s provided
(the so-called DUT—Device Under Test; here it i1s repre-
sented schematically as including a MOS transistor), and a
bottom surface 3b, opposite to the top surface 3a; and a
multilayer 5, made up of one or more layers of insulating
material that separate one or more layers of conductive
matenal, for example metal (the so-called metallization
layers), which are coupled to one another by vias and are set
on top of one another on the top surface 3a. The integrated
circuit 4 may be formed, at least 1n part, within this multi-
layer §; for example, a gate-oxide region of a MOS transistor
of the integrated circuit 4 may be defined 1n a first insulating
layer of the multilayer 5, and a corresponding gate region 1n
a first conductive layer of the same multilayer 5. Contact
pads 6 are arranged on an external surface 5a of the
multilayer 5 (opposite to the surface 1n contact with the top
surface 3a of the substrate 3) to enable electrical access from
outside to the integrated circuit 4.

At least one through via, designated as a whole by 10, 1s
moreover present within the body 2, and includes a conduc-
tive interconnection, which extends vertically through at
least part of the substrate 3 and possibly through one or more
of the 1nsulating and/or conductive layers of the multilayer
5, 1n such a way as to enable an electrical coupling between
components of the integrated circuit 4 or conductive layers
or contact pads 6 towards the back of the substrate 3 (and
towards the bottom surface 35, where suitable contact ele-
ments, 1n the form, for example, of conductive lands or
bumps, may also be provided for electrical coupling to the
outside world).

In particular, the through via 10 has a top end 10a, at
which an electrical contact with the integrated circuit 4 or
metallization layer or contact pad 6 1s formed, and a bottom
end 105, insulated and “embedded” within the substrate 3 of
the wafer 2, in a so-called bulk region thereof, separated
from the bottom surface 35 of the substrate 3 by a portion of
material having a given thickness. This bottom end 105 may
possibly be made accessible from outside by removal of part
of the substrate, starting from its bottom surface 35, with
final steps of the manufacturing process (possibly, after
clectrical testing of the through via 10). In detail, the through
via 10 1s constituted by a conductive region 11, made, for
example, of metal material (such as copper or aluminium),
which constitutes a central core thereof and 1s surrounded at
the sides by an insulation region 12 (for example, made of
silicon oxide), 1n such a way as to be electrically insulated
at the sides from the substrate 3.

In order to carry out an electrical test of at least one
clectrical parameter of the through via 10, a testing circuit 14
1s moreover ntegrated in the body 2 (the so-called BIST—
Built-In Self Test, in the case where the test 1s performed
automatically); testing circuit 14 1s electrically coupled to
the through via 10, and, moreover, 1s configured so as to
interface with an ATE (Automatic Test Equipment), not
illustrated herein. In particular, the ATE allows carrying out
an automatic procedure of electrical testing and sorting of
the various dice, possibly within a water of semiconductor
material (prior to the corresponding sawing operation) in
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such a way as to select the dice operating properly for their
subsequent packaging. This operation 1s known as EWS
(Electrical Water Sorting) or WS (Waler Sorting) and envis-
ages execution ol appropriate electrical tests on the elec-
tronic integrated circuits 1n the various chips, including
operations ol testing of the corresponding through wvias,
where present.

The aforesaid electrical test envisages, for example, that
an appropriate test current 1s made to flow through the
through via 10 1n such a way as to evaluate the electrical
resistance to the current path offered by the same through via
10. In addition, or as an alternative, this electrical test
envisages measuring the electrical msulation of the through
via 10 from the substrate 3 1n which 1t 1s formed. It 1s noted

that the testing circuit 14 may be configured so as to enable

clectrical testing of a plurality of through vias 10 contained
within the body 2.

In detail, the testing circuit 14 includes an interface stage
16 and a microelectronic buried structure 18. The interface
stage 16 1s constituted by appropnate circuit elements (FIG.
1 shows by way of example a MOS transistor), integrated 1n
the surface portion of the substrate 3 (in a way similar to the
integrated circuit 4, for example, exploiting process steps 1n
common with the manufacturing of the same integrated
circuit 4), and 1s configured so as to be electrically coupled
to one or more of the contact pads 6 accessible from outside,
with the top end 10a of the through via 10, and moreover so
as to be electrically coupled, via an appropriate conductive
path traversing the substrate 3, designated as a whole by 19,
with the microelectronic buried structure 18. In particular,
the interface stage 16 1s electrically coupled to the substrate
3 1n a region corresponding to a substrate contact, designated
by 19a (this substrate contact 19¢ may include a vertical
coupling designed to reach a buried layer of the substrate 3,
in the case, for example, of a SOI structure). In a way not
shown, the interface stage 16 includes suitable elements and
components, such as switches, multiplexers, or counters, for
providing a selective coupling between contact pads 6 and
through vias 10 so as to enable access to, and testing of, the
same through vias 10 by probes of the test equipment,
designed to contact the contact pads 6.

The microelectronic buried structure 18 1s provided
within the bulk region of the substrate 3 1n such a way as to
be 1n contact with the bottom end 106 of the through via 10,
and 1ncludes at least one doped region 20, having, for
example, a type of doping opposite to that of the substrate
3, in this example an N doping. The doped region 20 1s set
at the bottom of the through via 10, entirely 1n contact with
its conductive region 11, terminating laterally in contact
with the msulation region 12. In the example illustrated, the
doped region 20 forms with the substrate 3 a PN semicon-
ductor junction, 1.e., a semiconductor diode (as shown
schematically in FIG. 1), having its anode terminal consti-
tuted by the substrate 3 and 1ts cathode terminal constituted
by the doped region 20, electrically in contact with the
bottom end 1056 of the through via 10. The doped region 20
has a horizontal extension, 1n a horizontal plane Xy, trans-
verse to the direction of vertical extension z of the through
via 10 through the substrate 3, substantially equivalent to the
horizontal extension of the through via 10. Dimensions of
the doped region 20 along the horizontal axes x and v of the
horizontal plane xy are greater than or equal to the corre-
sponding dimensions of the conductive region 11 of the
through via 10, and 1n particular the surface of the doped
region 20 1n the horizontal plane xy 1s greater than or equal

to the surface of the bottom end 1056 of the through via 10.
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In use, the presence of the testing circuit 14 within the
body 2, accessible from outside via one or more of the
contact pads 6, enables electrical testing of the through via
10, for example, by passage of a test current I that 1s made
to circulate through the interface stage 16, the conductive
path 19 1n the substrate 3, the microelectronic buried struc-
ture 18, the through via 10, and once again through the
interface stage 16 towards the contact pads 6. The semicon-
ductor diode constituted by the junction between the doped
region 20 and the substrate 3 1s, in this case, forward biased
so as to enable passage of the test current I through the
through via 10. It 1s thus possible, for example, to evaluate,
using an ATE coupled to the contact pads 6, the resistance
offered by the through via 10 to the path of the test current
I. Instead, when the semiconductor diode 1s reverse biased
(for example, during electrical testing of other components
of the integrated circuit 4 by the same ATE), 1t insulates
clectrically the through via 10 from the substrate 3.

FIG. 2 shows 1 a schematic and simplified way the
testing system 1 described previously, with the testing circuit
14 clectrically coupled to a plurality of through vias 10
provided 1n the body 2 and traversing the substrate 3, and in
particular: a first through via 10', which extends from the top
surface 3a to the back of the substrate 3; a second through
via 10", which extends from a metallization layer (here not
illustrated 1n detail) of the multilayer 5 to the back of the
substrate 3; and a third through via 10", which extends from
the external surface 3a of the multilayer 3 (defined by a last
passivation layer, here not illustrated 1n detail) to the back of
the substrate 3. The rear end 105 of each of the through vias
10, in particular of the corresponding conductive region 11
(not 1llustrated 1n FIG. 2), 1s electrically msulated from the
substrate 3 by means of a respective semiconductor diode
(defined by a respective microelectronic buried structure
18). FIG. 2, moreover, shows a probe 22 of the test equip-
ment (not illustrated as a whole), designed to be electrically
coupled to a contact pad 6 during the electrical-testing
operation.

The path of the testing current I 1s also highlighted 1n FIG.
2, where a resistive element 23 schematically represents the
resistance that the testing current I encounters i1n the sub-
strate 3. In the same FIG. 2 designated by 1. 1s the reverse-
saturation current that may circulate 1n the semiconductor
diode when it 1s reverse biased (for a through via 10 not
undergoing the testing operation, or undergoing a test to
evaluate 1ts electrical 1nsulation).

With reference first to FIG. 3a the process 1s now 1llus-
trated for manufacturing a through via 10 within the body 2,
and at a same time the microelectronic buried structure 18,

and in particular the doped region 20 in contact with the

bottom end 105 of the through via 10, as described 1n the
aforesaid patent application No. W0O2011/101393 A1, which
1s 1incorporated by reference.

By means of a first step of masking (which envisages
formation of an appropnately patterned resist layer 25a on
the outer face of the body 2, for example corresponding to
the external surface 5a of the multilayer 5) and etching, for
example through anisotropic chemical etching, an annular
trench 26 1s defined, which extends 1n a surface portion of
the substrate 3, for a desired depth. For example, the annular
trench 26 has, in top plan view, the shape of a circular ring,
defining inside 1t a cylindrical portion 27 of the substrate 3.

Next (FIG. 3b), the annular trench 26 1s filled with an
insulating material, such as, for example, an oxide, a dielec-
tric material, or a polymer, via an appropriate process, such
as, for example, a thermal-oxidation process, or a process of
chemical vapor deposition (CVD). The excess insulating




US 9,478,470 B2

S

material 1s removed from the outer face of the body 2, for
example, by means of an operation of chemical-mechanical
polishing (CMP). At the end of the process, formed within
the annular trench 26 1s the insulation region 12, which will
form part of the through via 10.

Next (FIG. 3¢), via a second step of masking (with the
formation of a further appropriately patterned resist layer
235b) and etching, the cylindrical portion 27 of the substrate
3 enclosed within the mnsulation region 12 1s removed, thus
creating a hole 28, which 1s also cylindrical 1n shape. In
particular, the depth of the etch corresponds 1n this case to
the height, 1n the vertical direction z, of the insulation region
12.

Next (FIG. 3d), doping of the portion of the substrate 3
underlying the hole 28 1s carried out, for example, via
diffusion at high temperature or via ion implantation fol-
lowed by thermal annealing, to obtain the doped region 20,
at the bottom of the hole 28, for example, having a doping
of an N type. The doped region 20 extends laterally also 1n
part underneath the insulation region 12, as a result of the
lateral diffusion of the dopants, assuming a horizontal exten-
sion greater than the diameter of the hole 28.

Then (FIG. 3e), the hole 28 1s filled with a conductive
material, such as, for example, copper or tungsten, using a
CVD process or an electroplating process, to form the
conductive region 11 of the through via 10.

At the end of the process, a through via 10 of conductive
material 1s thus obtained, insulated from the substrate 3 at
the sides via the insulation region 11 and vertically via the
PN junction formed between the doped region 20 and the
substrate 3. In particular, the through via 10 1s coupled 1n
series with a semiconductor diode (formed by the junction
between the doped region 20 and the substrate 3), which 1s
set 1n direct electrical contact with 1ts bottom end 1056 1n the
substrate 3.

The electronic integrated circuit 4 may be provided 1n the
surface portion of the substrate 3 1n this step of the process,
possibly concurrently with formation of the interface stage
16 of the testing circuit 14. In particular, the doped region 20
may be provided by exploiting doping steps already envis-
aged for formation of transistors (or other electrical com-
ponents) of the electronic integrated circuit 4 or of the
testing circuit 14.

According to a variant of the process described, shown 1n
FIG. 4, the etch that leads to formation of the hole 28 may
have a depth lower than the height of the 1nsulation region
12 in the vertical direction z so that the doped region 20
comes to be delimited laterally by the insulation region 12
itself (having 1n this case a horizontal extension equal to the
diameter of the hole 28).

The testing system 1 described in the aforesaid patent
application No. WO2011/101393 Al, and described brietly
above, has several advantages, amongst which that of
enabling use of test equipment of a traditional type for
clectrical testing of the through vias 10, which interface, 1n
tact, with the testing circuits 14 through the contact pads 6,
thus preventing the constraints linked to the small dimen-
sions of the through vias (which may have a diameter even
smaller than 10 um) and their reduced mutual separation
distance, and moreover preventing possible damage to the

same through vias 10 by the probes 22 of the test equipment.
An embodiment 1s a system for testing through vias in a

body of semiconductor material that will constitute an

improvement on the system described previously.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present disclosure, one
or more embodiments are now described, purely by way of
non-limiting example and with reference to the attached
drawings, wherein:

FIG. 1 1s a schematic cross section of a system for testing,
through vias of a known type;

FIG. 2 1s a schematic representation of the testing system
of FIG. 1;

FIGS. 3a-3e show sections through a body of semicon-
ductor material 1n successive steps of a manufacturing
process for formation of a through via and of a correspond-
ing integrated testing structure in the testing system of FIG.
1

FIG. 4 1s a cross section through the body of semicon-
ductor material 1n a variant of the manufacturing process for
obtaining the through via and the corresponding integrated
testing structure of FIGS. 1 and 2;

FIG. 5 shows a cross section of a portion of the testing
system of FIG. 1, with possible defects highlighted therein;

FIG. 6 shows an equivalent circuit of the system of FIG.
5, with the possible defects highlighted therein;

FIG. 7 shows a cross section of a portion of a system for
testing through vias, according to an embodiment;

FIGS. 8a-12a show sections through a body of semicon-
ductor material 1n successive steps of a manufacturing
process for obtaining the testing system of FIG. 7, according
to an embodiment:;

FIGS. 85-126 show top plan views corresponding to the
process steps of FIGS. 8a- 12a, according to an embodi-

ment;

FIGS. 13a-16a show sections through a body of semi-
conductor material in successive steps of a manufacturing
process lor obtaining the testing system, according to
another embodiment;

FIGS. 13b6-165 show top plan views corresponding to the
process steps of FIGS. 13a-16a, according to an embodi-
ment,

FIGS. 17-18 show sections through the body of semicon-
ductor material 1n final steps of the manufacturing process
for obtaining the testing system, according to the embodi-
ment of FIGS. 13-16; and

FIGS. 19a-19b show, respectively 1n cross section and 1n
top plan view, a variant embodiment of the testing system,
in an mtermediate step of the manufacturing process.

DETAILED DESCRIPTION

An embodiment derives from the realization that the
testing system 1 described above has some drawbacks that
do not enable full exploitation of its advantages.

In particular, the PN junction between the doped region 20
ol the microelectronic buried structure 8 and the substrate 3
intrinsically has a reverse saturation current I, the value of
which may be comparable with a leakage current determined
by a possible defect present in the device under test. Con-
sequently, the presence of this reverse saturation current I
may mask the leakage current of the possible defect to the
point where the electrical testing procedure will be unable to
detect the presence of the defect.

By way of example, FIGS. 5 and 6 are schematic 1llus-
trations of some defects that may not be detected by the
testing system 1, owing to the presence of the reverse
saturation current I, and 1n particular: a first defect, desig-
nated by 27a, due to an undesirable (resistive or capacitive)
coupling between the testing circuit 14 and the substrate 3
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(set at a reference voltage, for example ground); a second
defect, designated by 275, due to an undesirable coupling
between a line, for electrical coupling between the testing
circuit 14 and the through via 10, and the substrate 3; and a
third defect, designated by 27c¢, due to an undesirable
coupling between the through via 10 and the substrate 3, on
account of a loss of lateral insulation through the msulation
region 12.

As will be discussed 1n detail in what follows, an embodi-
ment envisages, as a whole, reduction of the reverse satu-
ration current I, of the PN junction buried underneath the
through via 10 1n such a way that it will not mask the leakage
current due to possible defects 1n the device under test (i.e.,
in such a way that it 1s not comparable with the leakage
current, 1t being, for example, lower than the leakage current
by at least approximately one order of magnitude).

In particular, 1t 1s proposed for this purpose to reduce the
area of the PN junction traversed by the testing current 1. In
fact, in a known way, the reverse saturation current I of a
PN junction 1s given by the following expression

Igzjs'Aﬂ

where J. 1s the reverse saturation current density of the
junction, depending 1n a known way upon the concentrations
of dopants, and A, 1s the area of the junction, to a first
approximation developing in the horizontal plane xy, trans-
verse to the flow of the testing current I.

Given the same reverse saturation current density J, a
reduction of the junction area A, hence determines a cor-
responding reduction 1n the reverse saturation current I..

FI1G. 7 shows a through via, once again designated by 10,
and a corresponding microelectronic buried structure, once
again designated by 18, provided for electrical testing of the
same through via 10 (FIG. 7 shows only a portion of the
testing system 1 relevant for an understanding of an embodi-
ment; for the parts of the testing system 1 that are not shown,
reference may be made entirely to what has been described
previously with reference to patent application No.
WO0O2011/101393 Al, insofar as the parts of the testing
system that are not shown and the corresponding parts
disclosed in the referenced patent application may be sub-
stantially similar.

In particular, the insulating region 12 of the through via
10, in addition to being set laterally in contact with the
conductive region 11 of the same through via 10, 1s, 1n this
case, also set underneath the conductive region 11, defining
the bottom end 105 thereof, except for a central portion, in
which the insulating region 1s absent. In an area correspond-
ing to this central portion, a vertical projection, designated
by 30, of the conductive region 11 1s, instead, present.

The doped region 20 1s set underneath this central portion,
in contact with the vertical projection 30, defining, with the
substrate 3, the PN junction of the microelectronic buried
structure 18. The junction area A ,,, defined to a first approxi-
mation by the extension of the doped region 20 in the
horizontal plane xy (neglecting the lateral surface of the PN
junction), substantially corresponds to the extension of the
aforesaid central portion, and 1s hence smaller than the
surface 1n the same horizontal plane xy of the conductive
region 11 of the through via 10 (note that the surfaces being
compared are set 1 two parallel planes); in particular, the
junction area A, 1s comprised between about 1% and 90%,
for example, between about 5% and 50%, of the correspond-
ing surface of the conductive region 11, it being, for
example, equal to 10% of this surface, and i1s 1n any case
advantageously small, as likewise small 1s the corresponding
reverse saturation current I.
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A first embodiment of a process for manufacturing the
through via 10 and the corresponding microelectronic buried
structure 18, including at least the doped region 20, 1s now
described.

In detail, 1n a first step, shown 1 FIGS. 8a¢ and 85, a mask
layer 35 1s formed, for example including a photoresist,
approprately patterned, on the outer face of the body 2, for
example corresponding to the external surface 3Sa of the
multilayer 5 overlying the substrate 3. A chemical etch
through the mask layer 35 1s then carried out, for removal of
a surface portion of the substrate 3 (and of the overlying
portion of the multilayer 5) and definition of a trench or hole
36 having a substantially cylindrical shape and a desired
depth within the substrate 3 (note that the geometrical shape

of the trench 1s not to be considered limiting).

Next (FIGS. 9a, 9b), the internal walls of the trench 36
(and 1n particular the corresponding lateral and bottom
surfaces) are entirely coated by a coating of insulating
matenal, such as, for example, an oxide, a dielectric mate-
rial, or a polymer, via an appropriate process, for instance,
a thermal-oxidation process, or a process of chemical vapor
deposition (CVD). The msulating material possibly formed
on top of the external surface 5a 1s removed, for example, by
means of an operation of chemical-mechanical polishing
(CMP). At the end of this process step, 1n the trench 36 an

insulating coating 38 i1s thus formed, having a hollow
cylindrical conformation, with a base 384 and a side wall
385.

Next (FIGS. 10a, 105), a hole 39 1s opened throughout the
thickness of the base 38a of the insulating coating 38, at a
localized portion thereof, for example set 1n a central posi-
tion with respect to the base 38a. In particular, as will
emerge clearly hereinafter, the extension of this localized
portion, and of the resulting hole 39, determines the exten-
sion of the area A, of the PN junction that will then be
formed.

In order to obtain a selective removal of material that 1s
so localized (1t should be recalled that the diameter of the
entire through via 10 may be even smaller than 10 um), an
embodiment envisages the use of a laser beam 40 oriented
within the trench 36 and appropnately focused by a lens
system 41. After the selective removal of material, via laser
ablation, a removal treatment of the possible remaining
debris may be envisaged, for example, cleaning via an
appropriate chemical-washing process.

Next (FIGS. 11a, 115), doping of the portion of the
substrate 3 underlying the hole 39 1s carried out, for example
via diffusion at high temperature or via ion 1mplantation
followed by thermal annealing, to obtain formation of the
doped region 20, for example, having a doping of an N type,
opposite to that of the substrate 3. The doped region 20
extends laterally underneath the hole 39 also 1n part under-
neath the base 38a of the msulating coating 38, as a result
of the lateral diffusion of the dopants, assuming a horizontal
extension greater than the diameter of the hole 39 (in
particular, having in cross section a substantially circular
conformation with a diameter greater than that of the hole
39). In any case, the size of the hole 39 1s designed in such
a way that the desired size parameters for the junction area
A, as previously defined, will subsequently be satisfied.

Next (FIGS. 124, 125), the trench 36 1s completely filled
with a conductive matenal, such as for example aluminium,
polysilicon, copper, or tungsten, using, for example, a CVD
process or an electroplating process, so as to form the
conductive region 11 of the through via 10, and. 1n particu-
lar, the vertical projection 30 that fills the hole 39 and comes
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into contact with the doped region 20 (providing the elec-
trical contact between the through via 10 and the microelec-
tronic buried structure 18).

According to a variant, in the case where materials are
used that may be a source of contamination for the circuits
integrated 1n the body 2, thus possibly impairing proper
operation thereof, suitable known materials may be used,
such as, for example, tantalum nitride (TalN), operating as a
barrier and blocking this contamination phenomenon. For
example, a barrier layer (not shown in any of the attached
figures) may be present between the conductive region 11
and the msulating region 12, contacting also the doped
region 20.

At the end of the process, the through via 10 of conductive
maternial 1s thus provided, insulated from the substrate 3
laterally via the insulation region 12 and vertically via the
same 1sulation region 12 and, limitedly to the central
localized portion, via the PN junction formed between the
doped region 20 and the substrate 3. In particular, the
through via 10 1s coupled in series with a semiconductor
diode (formed by the junction between the doped region 20
and the substrate 3), set 1n direct contact with the vertical
projection 30 at its bottom end 105 1n the substrate 3.

As 1llustrated previously i FIG. 7, at the end of the
formation of the through via 10, one or more layers of the
multilaver 3 may be grown on 1ts top end 10a in the case
where the same top end 10qa 1s not designed to contact the
contact pads 6 at the front surface 5a of the multilayer 5 and
in general at the external surface of the body 2.

A second embodiment of the manufacturing process dif-
ters from the aforesaid first embodiment in that 1t does not
envisage any step of masking and etching for formation of
the through via 10 and of the corresponding microelectronic
buried structure 18.

In detail, 1n a first step of the process, shown in FIGS. 13a,
1356, the trench (or hole) 36 i1s provided by removal of
material by means of the laser beam 40, appropriately
tocused and oriented towards the body 2 by an appropriate
optical system, for example, the lens system 41 (the internal
walls of the trench 36 may in this case be inclined with
respect to the vertical direction z, and the same trench may
have a frusto-conical conformation, instead of being sub-
stantially cylindrical, as in the first embodiment). Once
again, after the step of selective removal of matenal, a
cleaning step of the surfaces that have been dug may
advantageously be envisaged, for removal of possible
debris, for example, by means of a chemical-washing pro-
cess. According to a variant, it 1s possible to use treatments
to eliminate any possible lattice defects due to the action of
the laser, such as, for example, a chemical etching or a
thermal annealing.

The process proceeds then 1n a way altogether equivalent
to what has already been described previously for the first
embodiment. For this reason, the subsequent steps are
illustrated with reference to FIGS. 14-18, but are not
described again 1n detail. It 1s only highlighted that, in the
process step illustrated 1n FIG. 154, the same laser beam 40,
by means of an appropriate modification of the configuration
of the lens system 41, may form the hole 39 at the bottom
of the trench 36.

A variant embodiment of the testing system 1 1s now
described, 1n particular with respect to the through via 10
and the corresponding microelectronic buried structure 18.
This variant includes modifications to the corresponding
manufacturing process that will be altogether evident for a
person skilled 1n the field (and that, for this reason, will not
be described 1n detail herein).
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In particular, this vanant envisages formation, for each
through via 10 that requires electrical testing, of a number of
microelectronic buried structures 18, in such a way as to
obtain a redundant configuration for execution of the elec-
trical test.

In the case where one or more of the microelectronic
buried structures 18 provided 1s defective, for example,
owing to problems associated with the manufacturing pro-
cess (for mnstance, on account of the reduced dimensions of
the structures that are to be formed), thanks to the redundant
configuration i1t will in any case be possible to carry out
clectrical testing of the through wvia 10, with modalities
substantially similar to the ones already described previ-
ously.

In detail, and with reference to FIGS. 19a, 1954, 1n contact
with the bottom end 1056 of the through via, which 1s once
again designated by 10, a plurality of doped regions 20 are
provided, for example, set at the same distance from one
another, in the example illustrated four in number and
arranged at the ends of a cross in the horizontal plane xy. The
trench 36 made i1n the substrate 3 has in this case the
conformation of a cylindrical ring, defining inside it a
cylindrical portion of the substrate 3, designated by 45. In
particular, the manufacturing process here envisages selec-
tive removal of material of the base 38a of the insulating
coating 38 at the bottom of the trench 36 so as to define a
number of holes 39 equal to the number of the doped regions
20. Also 1n this case, 1t 1s noted that the geometrical shape
of the trench 36 1s not to be considered 1n any way limiting.

One or more advantages of the testing system, and of the
corresponding manufacturing process, are clear from the
foregoing description.

In particular, it 1s once again emphasized that the reduc-
tion of the reverse saturation currents 1. of the PN junctions
of the microelectronic buried structures 18 makes 1t possible
to render the electrical testing operations more reliable,
reducing the risk of the same reverse saturation current I.
masking the presence of defects associated with the through
vias 10 or with the corresponding testing circuits 14 inte-
grated 1n the body 2 of semiconductor material.

The described manufacturing process (in particular, by
using the laser-ablation technique) proves particularly
simple and fast, reducing in particular the number of mask-
ing and etching processes. In this regard, the second embodi-
ment described, which envisages the total absence of mask-
ing processes for obtaiming the through vias 10 and the
corresponding testing structures, may be more advantageous
in the case where the number of through vias 10 to be
provided for each die 1s not excessively high (this being a
case where the first embodiment, with the associated single
masking and etching step for the mnitial formation of the
trenches 36 may, instead, prove more advantageous).

Finally, 1t 1s clear that modifications and variations may be
made to what has been described and illustrated herein
without thereby departing from the scope of the present
disclosure.

In particular, the microelectronic buried structure 18 of
the testing circuit 14 may vary with respect to what has been
described so far (including, in any case, at least one doped
region 20 set between the through via 10 to be tested and the
substrate 3 so as to define a semiconductor junction that will
ensure, via an appropriate biasing, electrical insulation
thereol 1n given operating conditions). In one or more
alternative embodiments (not illustrated herein), the micro-
clectronic buried structure 18 may, for example, envisage a
BIT of a vertical or lateral type, or any other suitable
clectronic device.
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In addition, the testing circuit 14 according to an embodi-
ment may be configured for evaluating further electrical
parameters of the through vias 10; for example, the electrical
insulation from the substrate 3 in which they are integrated
may be evaluated, so as to detect the presence of leakage
towards the same substrate 3. In this case, the testing circuit
14 may be, for example, configured so as to enable appli-
cation of a testing voltage across the semiconductor diode of
the microelectronic buried structure 18 such as to bias 1t in
a reverse-biased condition and so as to detect the amount of
the losses towards the substrate 3.

From the foregoing 1t will be appreciated that, although
specific embodiments have been described herein for pur-
poses of illustration, various modifications may be made
without deviating from the spirit and scope of the disclosure.
Furthermore, where an alternative 1s disclosed for a particu-
lar embodiment, this alternative may also apply to other
embodiments even 1f not specifically stated.

The invention claimed 1s:

1. A semiconductor structure, comprising:

a substrate having a first type of conductivity;

a first trench formed 1n the substrate and having a trench

wall and a trench bottom:

a first msulator having a wall layer disposed over the
trench wall and having a bottom layer disposed on the
trench bottom and extending immwardly from the wall
layer;

a first opening formed 1n the bottom layer disposed on the
trench bottom, the first opening being smaller than the
trench bottom;

a first region of a second type of conductivity disposed in
the substrate in alignment with the first opening, the
first region having a width that 1s larger than a width of
the first opeming but smaller than a width extending
between opposed mner edges of the wall layer for the
first 1insulator; and

a first conductor disposed in the trench over the first
insulator and in contact with the first region through the
first opening.

2. The semiconductor structure of claim 1 wherein:

e first type of conductivity 1s P type; and
e second type of conductivity 1s N type.

3. The semiconductor structure of claim 1 wherein the
first opening 1s approximately circular.

4. The semiconductor structure of claim 1 wherein the
first region 1s approximately circular, said width of the first
region defining a diameter that i1s less than the width
extending between 1nner edges of the wall layer for the first
insulator.

5. The semiconductor structure of claim 1, further com-
prising:

a first contact disposed over the substrate and coupled to

the conductor; and

a second contact disposed over and coupled to the sub-
strate.

6. The semiconductor structure of claim 1, further com-

prising;:

a first contact disposed over the substrate;

a first circuit coupling the first contact to the conductor;

a second contact disposed over the substrate; and

a second circuit coupling the second contact to the sub-
strate.

7. The semiconductor structure of claim 1, further com-

prising:

a second openming formed 1n the bottom layer disposed on
the trench bottom, the second opening being smaller
than the trench bottom:

t
t

10

15

20

25

30

35

40

45

50

55

60

65

12

a second region of the second type of conductivity dis-
posed in the substrate 1n alignment with the second
opening, having a width that 1s larger than a width of
the second opening but smaller than a width extending
between mner edges of the wall layer for the first
insulator; and

wherein the conductor 1s 1n contact with the second region
through the second opening.

8. The semiconductor structure of claim 1, further com-

prising:

a second trench formed in the substrate and having a
trench wall and a trench bottom;

an second insulator having a wall layer disposed over the
trench wall and having a bottom layer disposed on the
trench bottom of the second trench and extending
inwardly from the wall layer;

a second opening formed 1n the bottom layer disposed on
the trench bottom of the second trench, the second
opening being smaller than the trench bottom of the
second trench:

a second region of the second type of conductivity dis-
posed in the substrate in alignment with the second
opening, the second region having a width that 1s larger
than a width of the second opening but smaller than a
width extending between 1nner edges of the wall layer
for the second insulator; and

a second conductor disposed in the second trench over the
second 1nsulator and 1n contact with the second region
through the second opening.

9. The semiconductor structure of claim 1 wherein the

trench wall 1s perpendicular to the trench bottom.

10. The semiconductor structure of claim 5, further com-
prising circuitry coupled to the first and second contacts and
coniigured to:

generate a voltage across a series combination of the
substrate, a diode formed by the substrate and said first
region, and the conductor; and

analyze a current that flows through the diode and the
conductor.

11. A semiconductor structure, comprising:

a substrate having a first type of conductivity;

a circular trench formed in the substrate to surround a
central substrate portion and having an inner trench
wall, an outer trench wall and a trench bottom:;

an 1nsulator having a first wall layer disposed over the
mner trench wall and having a second wall layer
disposed over the outer trench wall and having a
bottom layer disposed on the trench bottom and extend-
ing between the first and second wall layers;

a first opening formed in the bottom layer disposed on the
trench bottom, the first opening being smaller than a
distance between an outer surface of the first wall layer
and an iner surface of the second wall layer;

a {irst region of a second type of conductivity disposed 1n
the substrate 1n alignment with the first opening, the
first region having a width that 1s larger than a width of
the first opening but smaller than the distance between
the outer surface of the first wall layer and the inner
surface of the second wall layer; and

a conductor disposed in the trench over the msulator and
in contact with the first region through the first opening.

12. The structure of claim 11, further comprising:

a second opening formed 1n the bottom layer disposed on
the trench bottom, the second opening being smaller
than a distance between the outer surface of the first
wall layer and the inner surface of the second wall
layer; and
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a second region of the second type of conductivity dis-
posed 1n the substrate in alignment with the second
opening, the second region having a width that 1s larger
than a width of the second opeming but smaller than the
distance between the outer surface of the first wall layer
and the inner surface of the second wall layer; and

wherein the conductor disposed in the trench over the
insulator 1s 1n contact with the second region through
the second opening.

13. The structure of claim 11 wherein the mner and outer

trench walls are perpendicular to the trench bottom.

14. The structure of claim 11 wherein:

the first type of conductivity 1s P type; and

the second type of conductivity 1s N type.

15. The structure of claim 11, further comprising:

a {irst contact disposed over the substrate and coupled to
the conductor; and

a second contact disposed over and coupled to the sub-
strate.
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16. The structure of claim 15, further comprising circuitry
coupled to the first and second contacts and configured to:

generate a voltage across a series combination of the
substrate, a diode formed by the substrate and said first
region, and the conductor; and

analyze a current that flows through the diode and the
conductor.

17. The structure of claim 11, wherein the first region and
substrate form a diode, and the width of the first region sets
a reverse saturation current for the diode that 1s less than a
leakage current arising from a defect to be detected.

18. The semiconductor structure of claim 1, wherein the
first region and substrate form a diode, and the width of the
first region sets a reverse saturation current for the diode that
1s less than a leakage current arising from a defect to be
detected.




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 09,478,470 B2 Page 1 of 1
APPLICATION NO. . 13/855321

DATED : October 25, 2016

INVENTORC(S) . Alberto Pagani

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page:
Please correct Item (73) as follows:

Assignee: STMicroelectronics S.r.l., Agrate Brianza (IT)

Signed and Sealed this
Twentieth Day of December, 2016

e cbatle X Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 09,478,470 B2 Page 1 of 1
APPLICATION NO. . 13/855321

DATED : October 25, 2016

INVENTORC(S) . Alberto Pagani

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

At Column 7, Line number 67, please replace the term [[I]] with the term -- Is --.

Signed and Sealed this
Twenty-second Day of August, 2017

. ,;;'E-W-L-;h;!;_ :
O : A e} L o A
- | ,} | PPN R ~.£ ' | “'f" | ‘:.s'*"*}/"‘ﬂ} | cg“}.;_s % iﬁ '
C "ot - g A N ".—"4"!".1"4 - o ";J SN vy B ;. tuky 1..1'1._
Iﬂ_‘h_l_,-‘."":.t S LT . T i L ﬁ. g .- .. . - . . . . - i.
Joseph Matal

Performing the Functions and Duties of the
Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

